To determine the HIV-1 genetic diversity in Yemen, 19 strains collected from men and women were sequenced in pol and six of those were full genome sequenced; all were phylogenetically analyzed. Using the pol sequence data, nine (47.3%) were subtype B, six (31.6%) subtype C, two (10.5%) subtype D, one strain (5.3%) subtype A, and another (5.3%) a unique recombinant form (URF). Concordant phylogenies were also obtained for the six strains full genome sequenced. Most of the strains were from the capitol, Sana'a (n ‫؍‬ 16). Five of the C strains clustered with African Cs, and one clustered with the Indian C strains. Of the two subtype D strains, one clustered with Ugandan strains and one with Cameroon. The subtype A strain was similar to a Cameroon variant of subtype A and the URF strain was a recombinant between CRF11, CRF13, and subtype B. The HIV epidemic in Yemen is extremely complex, with strains of HIV-1 that have originated in East and West Africa, Europe, and India.
Y
EMEN, WITH 19.4 MILLION PEOPLE, has the largest population of any country on the Arabian Peninsula. Ethnically the population is predominantly Arab, but Afro-Arabs, South Asians, and Europeans are also present in significant numbers. Yemen is located at the southern end of the Arabian Peninsula, sharing borders with Saudi Arabia and Oman; the nearest neighboring countries on the African continent are Djibouti, Eritrea, and Ethiopia (Fig. 1) . Economically, Yemen is one of the poorest countries in the Arab world. Most of the population are agriculturalists, concentrated in the Western half of the country.
It is estimated that there are almost 10,000 people living with HIV/AIDS in Yemen, with an adult prevalence rate of 0.1%. The young adult population, aged 20-49, is most affected by the epidemic. A recent report from Yemen suggests that 7% of commercial sex workers are HIV-positive. 1,2 Unfortunately, HIV-1 sentinel surveillance was stopped in 1998 and there are no reports describing HIV-1 subtypes in Yemen or any of the remaining six countries of the Arabian Peninsula. We report here genotypic analyses of Yemeni strains to identify the variety, and possible geographic origins of HIV-1 subtypes found in a subsample of the Yemeni population seeking health care during 2000-2002. HIV-positive patients screened by Yemen's National AIDS program were recruited for study, 19 of whom gave written informed consent for participation. Venous blood was collected, peripheral blood mononuclear cells (PBMCs) were separated, and viral DNA was extracted and used for polymerase chain reaction (PCR) amplification. A nested PCR strategy was used to amplify about 1.1 kb of the HIV-1 pol gene, encoding protease and part of RT (nt 2253-3266 in HXB-2). Nearly full-length amplification (the entire HIV proviral genome except for the U5 part of the LTR) was also done on 6 of the 19 samples. Comparative analysis against 33 HIV-1 reference and Blast match strains according to published methods was done using both pol gene and nearly full length sequences. 4, 5 The amplified products were directly sequenced using the ABI 3100 genetic analyzer (Applied Biosystems, USA). Sequence alignment was done using Clustal X 6 against refer-ence sequence alignment obtained from the Los Alamos HIV Database server. Only related published strains on GenBank were used for comparison and simplicity of illustrations. Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 2.1 for tree construction using the neighbor-joining method. 7, 8 Genetic distances were measured by the Kimura 2-parameters model 9 with t/v ratio ϭ 2; stability of strains clustering together was examined via bootstrap resampling of 1000 replicates. 10 Recombinant analysis was performed using SimPlot v.3.5.1. 11 Descriptive information available for the 19 study subjects is shown, along with HIV-1 subtypes determined, in Table 1 . Most subjects were in their 30s; 14 male and 5 female. Eight subjects reported travel to Ethiopia or to countries in the Persian Gulf region or Europe, but the 11 others reported no travel outside of Yemen. Phylogenetic analysis of the viral pol sequences from the 19 subjects and from reference strains of relevant HIV-1 subtypes is shown in Fig. 2 . The nearly full-length genomes of 6 of the 19 Yemen samples were also sequenced and analyzed (Fig. 3) . Three were entirely (full genome) subtype B, two were D, and one was C. Of the remaining 13 samples, which were only sequenced in the pol region, six were subtype B, five were C, one was subtype A, and one was a unique recombinant form (URF).
Subtype B strains (n ϭ 9) were the most common, clustered with the subtype B reference strains with no significant relationship to any specific strain. Eight subjects within this group reported their infection probably due to heterosexual contact with infected partners; one patient did not know the source of her infection. Only three of nine reported travel to the Persian Gulf region and Djibouti; the remaining six had no history of travel outside Yemen.
Subtype C strains (n ϭ 6) were the next most common genetic form, and may have originated from diverse geographic regions. 01YE087 clustered with subtype C from India, with 70% bootstrap support value (Fig. 2) ; 00YE061 clustered with a subtype C isolate from Somalia with 99% bootstrap support value; and the remaining four strains clustered with subtype C strains from Ethiopia (Fig. 2 ). There were two subtype D strains, 01YE386 and 02YE516, and both were full genome sequenced. Yemen isolate 01YE386 clustered with East African strains, 99UG K09259 and 99UGD23550 from Uganda (Fig. 3, 100%) ; 02YE516 clustered with a subtype D isolate from Chad (Fig. 3, 99%) .
One Yemen isolate, 02YE512, clustered within subtype A and was closely related to two isolates from Cameroon (U_CM58 and U_CM53122, Fig. 2) (99%) . 12 This was a variant of subtype A that did not cluster with either the East African A, or the A strains that recombined to make CRF01 or CRF02.
There was one strain (01YE382) that was a URF that did not resemble any known HIV-1 virus and thus did not fall into the existing HIV-1 classification. To examine the possibility that this strain could be a unique recombinant form, distance scanning and bootscanning were used to determine the likelihood of recombination and to locate putative break points. 13, 14 Three recombination break points within the amplified pol segment were identified. The first 300 bp clustered significantly with CRF13 (bootstrap ϭ 97%), the next 250 bp as subtype B (80%), the following 285 bp were unique, and the last 135 bp clustered with CRF11 (73%). This strain was isolated from a subject with a history of travel to Djibouti in 1990, but the relationship of pol segments to isolates CRF11 and CRF13, known only from SAAD ET AL. 646
FIG. 2.
Neighbor-joining phylogenetic tree of 1.1 kb of the pol gene from Yemeni subjects (preceded by bullets) with reference strains. A genetic distance of 10% is shown by the scale bar. The significance of the nodes defining clusters was assessed by bootstrap analysis. Significant bootstrap values (Ͼ70%) are indicated at the appropriate nodes. The first two digits in the Yemeni strains indicate the year of collection. Reference strains start with the subtype then year of isolation if available.
